ABSTRACT
INTRODUCTION
Considerable effort has been directed toward evaluating the Brahman breed, primarily for crossbreeding, in a wide array of environments. Results indicate that in the hot, humid Southeast and Gulf Coast areas, and even in more temperate areas of the United States, the weaning productivity of Brahman × Bos taurus cows is virtually unequaled; however, problems have been identified with the Brahman breed. Specifically, 1) subpar reproductive performance of Brahman bulls, 2) increased dystocia or reduced survival rate expressed by Brahmansired calves, 3) price discounts for Brahman-sired steers and surplus heifers contemporary to Brahman-sired replacement heifers, 4) unfavorable carcass attributes, especially tenderness, and 5) nondocile temperament expressed by Brahman-influenced cattle are problems associated with the Brahman breed that have served as a major impetus to evaluate alternative sources of subtropically adapted beef cattle germplasm at locations primarily in the Southeast and Gulf Coast areas (Thrift and Thrift, 2005) .
MATERIALS AND METHODS
This review represents a summarization of comparisons involving preweaning, postweaning, and carcass traits of progeny sired by Bos indicus (Brahman, Boran, Nellore, InduBrazil, Gir, Sahiwal) , B. indicus-derivative (Brangus, Beefmaster, Santa Gertrudis, Gelbray, Simbrah), non-B. indicus (Tuli, Romosinuano, Bonsmara, Senepol) subtropically adapted sire breeds, and traditional B. taurus (Angus, Hereford, Charolais, Gelbvieh, Red Poll) sire breeds.
Because of its wide-scale usage in the Southeast and Gulf Coast areas, the Brahman was the primary sire breed with which most other sire breeds were compared. When available for specific traits, the sire breed comparisons summarized were as follows: 1) Brahman versus traditional B. taurus sire breeds; 2) Brahman versus other B. indicus sire breeds; 3) Brahman versus B. indicus-derivative sire breeds; 4) Brahman versus non-B. indicus subtropically adapted sire breeds; 5) B. indicus-derivative versus traditional B. taurus sire breeds; 6) B. indicus-derivative versus non-B. indicus subtropically adapted sire breeds; and 7) non-B. indicus subtropically adapted versus traditional B. taurus sire breeds.
Where available for each study, sire breed comparisons were summarized for preweaning (percentage of unassisted births, gestation length, birth weight, weaning weight), postweaning (postweaning ADG, feedlot ADG, final feedlot BW), and carcass (hot carcass weight, YG, QG, marbling score, Warner-Bratzler shear force value, LM area) traits.
Most studies summarized contributed to at least 1 of 3 multistate beef cattle genetic research projects (S-243, S-277, S-1013) that collectively spanned an approximately 22-yr period. Although not contributing to the multistate research projects, results were also summarized from 3 early studies (Gregory et al., 1979; Koch et al., 1982; Crouse et al., 1989 ) that evaluated 2 subtropically adapted sire breeds in Cycle III of the MARC Germplasm Evaluation Program (Clay Center, NE).
Most sire breed comparisons summarized involved mating schemes resulting in production of either 2-or 3-breed-cross progeny that express 100% direct heterosis; however, some sire breed comparisons involved straightbred and crossbred matings (Brown et al., 1993a,b; Chase et al., 1998; Riley et al., 2007) and some sire breed comparisons involved only straightbred matings (DeRouen et al., 1992; Thrift et al., 1999; Bidner et al., 2002; Phillips et al., 2006) . As indicated by Paschal et al. (1991) , in studies in which sires of 2 (or more) different breeds are mated to dams of a third genetic type, sire breed differences represent one-half the difference in direct breed effects plus differences attributed to direct heterosis of the different sire breeds with the dam genetic type.
Typically, for studies that involved crossbreeding, it was assumed that direct heterosis was the same for all breed crosses. This assumption is probably valid when different B. indicus or different B. taurus sire breeds are compared. However, in situations in which B. indicus (or B. indicus-derivative) and B. taurus sire breeds are compared when mated to dams of a third genetic type, the assumption that the B. indicus (or B. indicus-derivative) × B. taurus and B. taurus × B. taurus crosses express equal direct heterosis probably is not valid, especially for preweaning traits (Franke, 1980; Gregory and Cundiff, 1980; Koger, 1980; Long, 1980 
RESULTS AND DISCUSSION

Preweaning Traits
Preweaning trait (percentage of unassisted calvings, gestation length, birth weight, weaning weight) comparisons involving progeny sired by subtropically adapted beef sire breeds are summarized in Table 1 . Results are summarized by comparing sire breed means for each trait. Brahman Versus Traditional Bos taurus Sire Breeds. Relative to Angus and Hereford sires, Brahman sires can be expected to increase gestation length, increase birth weight, reduce the percentage of unassisted calvings, and increase weaning weight. In only 1 study (Browning et al., 1995) was weaning weight lower for Brahman-sired progeny. Results of the latter study probably are a reflection of the fact that the Brahman-sired progeny were straightbred, whereas the Angus-sired progeny were 2-breed crosses. Thus, direct genetic and direct heterotic effects are partially confounded in this comparison. Increased dystocia associated with the use of Brahman bulls has been addressed previously .
Brahman Versus Other Bos indicus Sire Breeds. Compared with Brahman sires, Sahiwal sires contribute to a longer gestation length, lighter birth weights (resulting in a higher percentage of unassisted calvings), and lighter weaning weights. In the Texas study by Paschal et (1991) , no difference was evident between Gray-and Red Brahmansired progeny; however, relative to Gray Brahman, Indu-Brazil-sired progeny were heavier at birth, but not at weaning. Gir-sired progeny were lighter at birth and weaning than Gray Brahman-sired progeny. Nelloreand Gray Brahman-sired progeny performed similarly, with some indication that Nellore sires contributed to a slightly longer gestation length. In 2 studies (Herring et al., 1996; Cundiff, 2005) , Brahman-sired progeny were heavier at birth and weaning than Boran-sired progeny. Brahman Versus Bos indicusDerivative Sire Breeds. Cundiff (2005) indicated that in the more temperate environment of Nebraska, Brahman sires contributed to a longer gestation length and higher birth weight (resulting in a lower percentage of unassisted calvings) but similar weaning weights compared with Brangus and Beefmaster sires. Birth and weaning weights were similar for Brahman-and Beefmaster-sired progeny in Arkansas (Brown et al., 1997) .
Brahman Versus non-Bos indicus Subtropically Adapted Sire Breeds. Relative to Brahman sires, Tuli, Romosinuano, Bonsmara, and Senepol sires result in a shorter gestation length and substantially lighter birth and weaning weights. Because of the lighter birth weights, percentage of unassisted calvings consistently favors these subtropically adapted sire breeds over the Brahman. In the study by Browning et al. (1995) , weaning weights were similar for Brahman-and Tuli-sired progeny. As indicated previously, these results are probably because the Brahmansired progeny were straightbreds and the Tuli-sired progeny were 2-breed crosses.
Bos indicus-Derivative Versus Traditional Bos taurus Sire Breeds. In general, Brangus-, Beefmaster-, and Santa Gertrudis-sired progeny are consistently heavier at birth and weaning than Angus-, Hereford-, and Red Poll-sired progeny. In the study by Wheeler et al. (2006) , Brangus and Beefmaster sires contributed to slightly longer gestation lengths and higher birth weights but percentage of unassisted calvings was similar to those for Angus and Hereford sires. In 1 study (Oxford et al., 2006) , Santa Gertrudis-sired progeny were heavier at birth and weaning than Angus-, Hereford-, and Red Poll-sired progeny. Birth and weaning weights were similar for Santa Gertrudis-and Charolais-sired progeny.
Non-Bos indicus Subtropically Adapted Versus Traditional Bos taurus Sire Breeds. Relative to Angus and Hereford sires, Tuli, Romosinuano, Bonsmara, and Senepol sires increase the gestation length but do not consistently increase the birth weight. In the 3 cases (Cundiff, 2005; Wheeler et al., 2006; Thrift et al., 1986 , Kentucky study) in which birth weights were greater for progeny of these non-B. indicus subtropical sire breeds, the increase averaged less than 1.5 kg. With the exception of the comparison involving Romosinuano and Hereford sires (Wheeler et al., 2006) , in which Romosinuanosired progeny experienced less dystocia, percentage of unassisted calvings was similar for the non-B. indicus subtropically adapted sire breeds and the B. taurus sire breeds. In 1 study (Brown and Lalman, 2008) , Charolais-sired progeny were significantly heavier at birth than Romosinuano-and Bonsmara-sired progeny. In 11 studies, weaning weights were similar; however, in 16 studies, weaning weights were significantly lighter for the non-B. indicus subtropically adapted sire breeds relative to the B. taurus sire breeds.
Postweaning Traits
Postweaning trait (postweaning ADG, feedlot ADG, final feedlot BW) comparisons involving progeny sired by subtropically adapted beef sire breeds are summarized in Table 2 . Results are summarized by comparing sire breed means for each trait.
Brahman Versus Traditional Bos taurus Sire Breeds. Results comparing postweaning ADG for Brahman-and Angus-sired progeny are inconsistent. Paschal et al. (1991) indicated that compared with Angussired progeny, Gray Brahman-sired progeny had a higher postweaning ADG; however, Brown et al. (1993a) indicated a lower postweaning ADG for Brahman-sired progeny. Most studies indicated similar feedlot ADG and final feedlot BW for Brahman-and B. taurus-sired progeny; however, Cundiff (2005) indicated lower feedlot ADG and final feedlot BW for Brahman-sired progeny. These latter results are as expected because cattle involved in the study by Cundiff (2005) were weaned in the fall and fed during the winter season at the US Meat Animal Research Center (Clay Center, NE). It has been established that Brahman-sired cattle have lower feedlot performance when fed at temperate locations during the winter season (Thrift and Thrift, 2005) . In contrast to the results of Cundiff (2005) Brahman Versus Other Bos indicus Sire Breeds Sahiwal-, Gir-, and Boran-sired progeny have lower postweaning performance than Brahman-sired progeny. Final feedlot BW appears to be reduced by slightly less than 40 kg. When evaluated under central Texas conditions, Red Brahman-, Indu-Brazil-, and Nelloresired progeny performed similarly to Gray Brahman-sired progeny during the postweaning period (Paschal et al., 1995) .
Brahman Versus Bos indicusDerivative Sire Breeds. Cundiff (2005) indicated that Brangus-and Beefmaster-sired progeny expressed greater feedlot ADG and final feedlot BW than Brahman-sired progeny. As indicated previously, these results are likely associated with the lower feedlot performance of Brahman-sired progeny when fed during the winter season at a temperate location (Thrift and Thrift, 2005) .
Brahman Versus non-Bos indicus Subtropically Adapted Sire Breeds. Brahman-sired progeny Phillips et al. (2006) , and the extensive results of Brown et al. (2008) , indicate a consistent postweaning ADG advantage for Angus-, Hereford-, Gelbvieh-, and Charolais-sired progeny relative to Romosinuano-and Bonsmara-sired progeny.
Carcass Traits
Carcass trait comparisons (hot carcass weight, YG, QG, marbling score, Warner-Bratzler shear force value, LM area) involving progeny sired by subtropically adapted beef sire breeds are summarized in Table 3 . Results are summarized by comparing sire breed means for each trait.
Brahman Versus Traditional Bos taurus Sire Breeds. Relative to Brahman-sired progeny, Angus- 2 Zebu collectively refers to average for Gray Brahman, Red Brahman, Gir, Indu-Brazil, and Nellore.
*P < 0.05; †P < 0.10; NS = not significant (P > 0.10); NT = not tested. . Carcass YG and LM area tend to be similar for Brahman-, Angus-, and Hereford-sired progeny. With the exception of 2 studies (Paschal et al., 1995; Baker et al., 2001b) , most studies have indicated similar or greater carcass weights for Angus-, Hereford-, or Charolais-sired progeny relative to Brahman-sired progeny.
Brahman Versus Other Bos indicus Sire Breeds. Brahman-sired progeny have greater carcass weights than Sahiwal-and Boran-sired progeny; however, carcass weight differences between Gray Brahman-and other B. indicus-sired progeny (Red Brahman, Gir, Indu-Brazil, Nellore) are small. All other carcass trait differences between Brahman and other B. indicus sire breeds appear small, although Wheeler et al. (2001) indicated advantages for Boran-sired progeny in terms of QG, marbling score, and Warner-Bratzler shear force value. These latter advantages for the Boran were not evident in the study by Herring et al. (1996) .
Brahman 2 Zebu collectively refers to average for Gray Brahman, Red Brahman, Gir, Indu-Brazil, and Nellore.
3 Gd = Good; Ch = Choice; Sl = Slight; Sm = Small.
4 N values taken from Franke et al. (2001) .
5 QG refers to percentage of Choice carcasses. **P < 0.01; *P < 0.05; NS= not significant (P > 0.10); NT = not tested.
IMPLICATIONS
Evaluation of several non-B. indicus subtropically adapted sire breeds suggests that some of these sire breeds may serve as alternatives to some B. indicus genetic types because of their ability to tolerate hot, humid conditions in the US Southeast and Gulf Coast areas. Specifically, considering Brahman as the standard B. indicus sire breed, results of this review indicate the non-B. indicus subtropically adapted sire breeds will contribute to less dystocia but are expected to sire progeny that weigh less at weaning, grow at a slower rate postweaning, and have lighter carcasses than Brahman-sired progeny. Further, progeny of non-B. indicus subtropically adapted sire breeds are expected to have slightly improved carcass merit, especially in regard to carcass tenderness, relative to Brahman-sired progeny. However, there appears to be no advantage in carcass merit for progeny of non-B. indicus subtropically adapted sire breeds relative to traditional B. taurus sire breeds such as the Angus and Hereford. Overall, the suitability of the non-B. indicus subtropically adapted sire breeds, as potential alternatives for B. indicus genetic types, can be determined only after maternal performance of F 1 females has been assessed. In addition, it is important to determine if price discounts, similar to those applied to B. indicus-influenced cattle, will be incurred for progeny of non-B. indicus subtropically adapted sire breeds when marketing occurs through traditional channels.
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